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FORM-REGULATION IN CERIANTHUS, VII. 


TENTACLE-REDUCTION AND OTHER EXPERIMENTS. 
C. M. CHILD. 


EXPERIMENTS ON CERIANTHUS MEMBRANACEUS. 

In the preceding papers certain experiments upon C. mem- 
éranaceus have been mentioned from time to time. It was im- 
possible on account of lack of material to make my studies of 
this species as full and complete as those of C. solitarius. The 
data obtained were sufficient, however, to show a close correspon- 
dence between the two species as regards regulative phenomena. 

It was possible to delay tentacle-regeneration by preventing the 
establishment of internal water-pressure by the methods employed 
for C. solitarius, viz., by reopening at short intervals or by giving 
the pieces a form such that closure was delayed or prevented. 

It is not necessary to give the data of the experiments in full 
since they add nothing essential to the facts already given for 
C. solitarius. A few points are, however, of some interest 
especially in view of certain experiments which Loeb performed 
on this species. 

In consequence of the greater thickness and stiffness of the 
body-wall in this species as compared with C. solitarius it is much 
less difficult to obtain pieces in which the enteron remains more 
or less widely open for a considerable length of time, in some 
cases indefinitely. In such pieces tentacle-regeneration is greatly 
delayed but sooner or later some regeneration does occur. 

Loeb (’91, pp. 44 and 45, Figs. 4-6) describes briefly and 
figures cases of this kind which he obtained by cutting rectangular 
pieces from one side of the body. His figures show that regen- 
eration of the tentacles occurs but they also show that it is much 
delayed, since in his Fig. 6, the most advanced stage shown, 
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the tentacles are only a few millimeters in length, although this 
piece is two months older than Fig. 4. A piece regenerating 
in the typical manner during more than two months should 
possess marginal tentacles 25—40 mm. in length. 

Loeb’s figures and text indicate that little attention was paid to 
the internal anatomy of the form. He states that in these rectan- 
gular pieces the number of tentacles regenerated was a fraction 
of the whole number possessed by the original animal correspond- 
ing to the fraction of the total circumference represented by the 
oral end of the rectangular piece, but no reference is made to the 
correspondence of the tentacles with the intermesenterial chambers. 
According to Loeb’s statements and figures the tentacles appear 
to arise from the oral cut surface of the piece in each case, but 
according to my own observations they never arise in this 
manner. It is difficult to understand how hollow, tubular tenta- 
cles could arise directly from the cut edge of the body-wall. This 
point is of some importance, since if Loeb is correct the influence 
of internal pressure upon the regeneration of the tentacles becomes 
at least extremely doubtful. 

In the first paper of this series ('03@) the typical course of 
regeneration in C. solitarius was described. It was shown there 
that the new tentacles do not arise at the cut surface but at some 
little distance from it. The margin of the body-wall rolls inward 
after section and the tentacles arise at the highest, most oral part 
of the rounded margin thus formed ('03a, Figs. 13-19). 

In the specimens of C. membranaceus which I have observed 
the tentacles arise in exactly the same manner. The margin 
rolls inward and soon changes in the body-wall appear in a region 
several millimeters distant from the actual cut surface, viz., at 
the most oral region of the inrolled part. Thus an area extend- 
ing about the whole circumference is established in which first loss 
of pigment and reduction in thickness of the body-wall occur, and 
then the new marginal tentacles appear as minute buds. 

In the open pieces corresponding to Loeb’s Figs. 4—6 the ten- 
tacles arise in exactly the same manner, though much more 
slowly than in closed pieces. The margin of the piece rolls inward 
and the new tentacles appear on a part of the body-wall which 
was originally somewhat aboral to the cut surface. 
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At first glance it may appear that the regeneration of tentacles 
in these pieces with open enteron cannot be influenced in any way 
by internal pressure, but a brief consideration of the matter will 
be sufficient, I think, to show that even in these pieces some degree 
of internal pressure is possible. It must be remembered first that 
the circulatory currents running orally in the intermesenterial 
chambers continue in pieces with open enteron, except where con- 
traction may bring about the more or less complete obliteration 
of certain chambers by approximation of the mesenteries. These 
currents force the water orally into the inrolled region at the 
oral end. If now the exit of the water from this region be 
hindered in any way, some slight degree of distention may arise 
within this rolled portion. Repeated examination of pieces of 
this kind has led me to the conclusion that the inrolled edge 
usually presses against the free margins of the mesenteries with 
some force and may thus hinder in some degree the exit of water. 
The diagrams 1 and 2 will serve to illustrate this point. In these 
figures a longitudinal section of the oral end is shown, the cross- 
hatched portion representing the mesenteries. In Fig, 1 the 
inrolled edge of the body-wall is shown. 
Since these pieces represent only a part 
of the whole circumference of the body 
the inrolling at the oral end is usually 
greater than in a complete cylindrical 
piece, for in the latter the inrolling about 
the whole circumference soon results 
in mutual pressure between the various 
parts of the inrolled portion which prevents further inrolling. 
The result of the inrolling is to press the cut surface against the 
margins of the mesenteries. In the collapsed condition these 
folded and thickened margins form a dense mass and the inrolling 
of the cut edge upon this must press them still more closely 
together. In whatever spaces remain between the mesenteries 
the cilia force the water orally as indicated by the arrows in Figs. 
1 and 2. The margins of the mesenteries, being more or less 
closely pressed together, do not readily permit the escape of the 
water and consequently a certain degree of pressure may be main- 
tained. Diffusion of water through the walls in this region may 
also aid in maintaining pressure. 


Fic. 1, 
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According to this view these cases are merely special cases ot 
more or less complete local closure of the enteron by inrolling. 
Various experiments of similar kind have already been described 
(Child, ’04c). The only difference between those and these is that 
here the inrolling is transverse across the oral end and conse- 
quently permits the appearance of tentacles upon the whole in- 
rolled portion. Fig. 2 shows the condition of the end after the 
regeneration of tentacles has begun. By this time the mesen- 
teries in the region of the inrolled margin have acquired new 
relations to the body-wall such that the margin is held in position. 
The reduction in thickness of the wall in the upper portion of the 
inrolled region 1epresents the beginning of tentacle formation. 
In every case of this kind which I have observed conditions have 
been similar. The only conclusion possible is that Loeb’s state- 
ment that the tentacles arise from the cut surface is incorrect and 
that in the pieces shown in his Figs. 4-6 the tentacles arose in 
the manner which I have described. 

If my explanation is correct, then the results obtained from 
these open pieces do not contradict the conclusions of my previous 
papers, viz., that internal water-pressure constitutes a factor in 
tentacle-regeneration. As regards local pressure due to circu- 
latory currents and its possible effects the statements made in 
previous papers (Child, ’04, ’04c, ’04@) will apply here. 

In all pieces of this kind the appearance of the tentacles is 
much delayed and their regeneration is very slow. In no case 
observed do they ever attain more than a small fraction of the 
normal length. They are, moreover, always more or less blunt 
and frequently very irregular, 7. ¢., of different lengths. Similar 
characteristics were described and discussed for certain cases in 
C. solitarius in a previous paper (Child, ogc). Thus in C. mem- 
branaceus as in C. solitarius the facts indicate that internal pres- 
sure plays an important role in tentacle-regeneration. 


THE RepuctTion OF NorRMAL TENTACLES. 

Not only was it possible to retard or inhibit the regeneration 
of tentacles by reduction of the internal water-pressure, but it 
was found that fully developed tentacles could be reduced in 
length by reducing the internal pressure. This process of re- 
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duction comprises two distinct stages. During the first stage the 
collapsed tentacles gradually become shorter but do not change 
in appearance, except to become more and more deeply colored 
as the pigment-particles are more and more closely approximated 
with reduction in surface. This reduction continues during a 
month or more according to various conditions, ¢. g., the com- 
pleteness of collapse, the temperature, etc. 

If, however, the condition of collapse be continued during a still 
longer period the tips of the tentacles began to atrophy, becoming 
darker in color and shrivelled or withered in appearance. This 
process of atrophy gradually extends proximally along the ten- 
tacle if the internal pressure is not reéstablished, until in some 
cases mere stumps of tentacles remain. The Figs. 3-5 show 
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schematically the process of atrophy, one side of the disc with 
tentacles being shown in section in each figure. Fig. 3 repre- 
sents a stage in which the marginal tentacles have been reduced 
by about one half their length and the labial tentacles relatively 
less. -Figs. 4 and 5 represent later stages. In Fig. 5 the long 
shrivelled distal portion seen in Fig. 4 has been almost com- 
pletely resorbed. The reduction in size of the disc in con- 
sequence of reduced pressure is also indicated in the figures. The 
difference in appearance between the healthy and shrivelled por- 
tions is always marked and visible at a glance. The tips are 
always much darker in color than the normal tentacle and are 
irregular in contour, so that the use of the term “ shrivelled”’ is 
amply justified by their appearance. The proximal healthy 
portions are about equal in length in all the tentacles of each set, 
2. ¢., the atrophy of the tips proceeds with equal rapidity in all ten- 
tacles of each set. The tips apparently always remain closed. 
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A gradual reduction in size of the shriveled portions, due to 
slow resorption, occurs, and these parts may disappear almost 
completely, leaving blunt, stump-like tentacles with only slight 
traces of the dark atrophied tissue at their tips (Fig. 5). 

A few experimental data will serve to illustrate more fully this 
process of atrophy and the conditions under which it occurs. 


Series 50. 

November 21, 1902. —In three specimens of C. solitarius the 

aboral end was removed by a transverse cut (Fig. 6) and the 

aboral half of the distal piece was split longitudi- 
\\ f nally by several irregular cuts in order to render 
closure impossible or difficult. In these pieces 
the aboral end was reopened daily or on alternate 
days in the manner described in a previous paper 
(Child, 040). 

Controls were obtained by removing the aboral 
end from three specimens at the same level as in 
the experimental pieces. These controls were 
allowed to remain undisturbed and the cut ends 
closed in the usual manner. In all specimens, 
both experimental pieces and: controls, the ten- 
tacles were measured in a fully distended condi- 
tion before section. The marginal tentacles were 
15-20 mm. in length, differing somewhat in dif- 
ferent specimens ; the labial tentacles were 5-7 mm. 

December 17, 1902.— 26 days after section. Experimental 
pieces. Reopened daily on alternate days, but sometimes be- 
came more or less distended during the intervals, owing to ap- 
proximation of the cut margins and plugging of the intervening 
spaces with slime. During this time the tentacles have gradu- 
ally decreased in length. Marginal tentacles 6-8 mm. ; labial 
tentacles 3 mm. 

Controls. The tentacles remained collapsed for a day or two 
after section, then, as closure of the ends proceeded, the internal 
water pressure was established and the tentacles became dis- 
tended. The length of the tentacles is about the same as before 
section, viz., marginal tentacles 15-20 mm.; labial tentacles 
5-7 mm. 


Fic. 6. 
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From this time on the three experimental pieces were left 
undisturbed in order to determine whether, after closure of their 
aboral ends and distension, the tentacles would regain their 
original length. 

December 28.— 37 days after section. Experimental pieces. 
All healed aborally and fully distended with water. During the 
eleven days since December 17 the tentacles gradually elon- 
gated. In the three pieces the lengths of the tentacles were as 
follows: marginal tentacles, 12-15 mm., 11-12 mm., 10 mm.; 
labial tentacles, 5 mm., 4 mm., 3-4 mm. 

The longest tentacles at this time belong to the piece which 
originally possessed the longest tentacles, viz., marginal, 20 mm., 
labial, 7 mm. 


Controls. —In no case do the tentacles show any appreciable 
reduction in length. 

No further increase in length of the tentacles of the experi- 
mental pieces occurred. 

During the first 26 days the marginal tentacles of the ex- 
perimental pieces decreased more than 50 per cent. They were 


more or less completely collapsed during this period, and as a 
collapsed tentacle is always shorter than one that is distended, it 
may appear at first glance that the reduction in length repre- 
sents merely this difference. This, however, is not the case. 
During the first few days following section the collapsed ten- 
tacles were only slightly shorter than they had been when dis- 
tended and a continuous gradual reduction in length took place 
up to December 17. During the following period of eleven 
days in which closure and renewed distension occurred, the ten- 
tacles elongated gradually. If the reduction in length had repre- 
sented only the difference between a collapsed and a distended 
tentacle it might be expected that the tentacles would regain 
their original length immediately or almost immediately after the 
internal pressure and distension were again established. But the 
increase in length was gradual, although the tentacles were ap- 
parently fully distended about December 21. Moreover, they 
never regained their original length, the maximum being 70 per 
cent. of the original length. 

These facts render it evident that an actual reduction in the 
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length of the tentacles occurred during the period of reduced 
water-pressure. The failure of the tentacles to regain their 
original length is probably due to the loss of vigor observable in 
all specimens kept without food for a long period and the con- 
sequent diminution in internal water-pressure and in the power 
of growth. Regenerated tentacles never attain the length of the 
original tentacles_and similarly those tentacles elongating after 
reduction never attain the original length. 

In this experiment the process of reduction did not pass beyond 
the first stage. The tips of the tentacles did not shrivel, but re- 
mained healthy and became distended again after closure occurred, 
though the original length was never attained. It is possible 
that the frequent partial distension of the tentacles during the 
intervals between reopening of the aboral end was sufficient to 
prevent the death of the tissues. As was noted ina previous 
paper (’046) the pieces must be reopened every few hours in 

order to prevent partial distension in the intervals, 
\\ VA but this is impracticable for the long time necessary 
\ | for perfect results. Consequently the method is by 

no means perfect. 


Series -19. 

September 15, 1903.—In six large specimens 
the aboral half of the body was split by a longitudi- 
nal cut into two parts (Fig. 7). 

The object of this experiment was not tentacle 
reduction but the duplication of the aboral end 
and consequently the lengths of the tentacles were 
not determined as frequently during the earlier 
stages as in experiments on tentacle-reduction. 

9 Later, however, when it was observed that these 

specimens would afford interesting evidence upon 

this point, measurements of the marginal tentacles were made 
regularly. 

The split aboral portions of these specimens rolled in various 
ways and closure was greatly delayed, the delay being further 
increased by the frequent rupture of the delicate new tissue in 
consequence of contraction during the necessary examinations. 
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The length of the tentacles in the fully distended specimens 
before section was as follows: marginal tentacles 25-30 mm. ; 
labial tentacles 12-13 mm. 

After section the usual collapse occurred and the tentacles 
gradually decreased in length. 

October 6.— 21 days after section. The pieces have remained 
almost completely collapsed since section. In some instances a 
part of the body which was more or less completely closed off 
became slightly distended, but the frequent examination and 
removal of slime caused contraction and total collapse. The 
tentacles were not measured, but marked reduction had occurred 
during the period of collapse and at this time the tips of all the 
marginal tentacles were beginning to atrophy. 

October 22. — 37 days after section. Two pieces were lost 
during the interval. The remaining four pieces were somewhat 
distended with water but any contraction caused loss of water 
either in consequence of rupture of new tissue or through one or 
both of the duplicated aboral pores about which the regenerating 
muscles had not fully developed. Consequently the internal 
pressure was still relatively very slight. Extensive atrophy of 
the distal portion of both marginal and labial tentacles had 
occurred. The marginal tentacles measured 6-7 mm. + I-2 
mm. of shrivelled tissue representing the distal portion of the 
tentacle. The labial tentacles measured 3-4 mm. + 1 mm. of 
shrivelled tissue. The basal healthy portions of the tentacles 
ended bluntly instead of in slender tips as in normal specimens : 
upon these blunt ends were borne the small shrivelled masses of 
tissue. 

During the following month the pieces succeeded in closing 
sufficiently to permit considerable increase of internal pressure 
and no longer lost water during slight contractions. 

December 1.—77 days after section. In three of the pieces 
the marginal tentacles have increased in length to 10 mm. and 
the labial tentacles to about 5 mm. 

In the fourth specimen the marginal tentacles were 7-8 mm. 
and the labial tentacles about as before. 

In all the atrophied tips have almost completely disappeared, 
apparently having undergone resorption, but the tentacles are 
stili blunt, not tapering like normal tentacles. 
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During the next twenty days the pieces showed a considerable 
reduction in size in consequence of decreasing internal pressure 
and the distal portions of the tentacles once more began to 
shrivel. 

December 21. —97 days after section. Marginal tentacles in 
all four pieces 3-4 mm. + 1-2 mm. of shrivelled tissue. 

It was evident at this time that the pieces were becoming 
exhausted and the experiment was concluded. 

In these pieces a gradual reduction in the length of the ten- 
tacles occurred during the first two weeks, then the tips began 
to atrophy, thus reducing the functional portion of the tentacle 
still further. When closure of the pieces permitted distension 
the tentacles elongated again and the atrophied tips underwent 
almost complete resorption. Still later, as the pieces became 
exhausted and the temperature of the water became lower, the 
tips of the tentacles once more began to shrivel and at the 
conclusion of the experiment mere stumps remained. 

Reduction of the tentacles was also observed in C. solitarius 

in many cesophageal pieces, 7. ¢., pieces retaining 

\ the tentacles and with the aboral end in the ceso- 
phageal region (Fig. 8). In such pieces the ceso- 
phagus united with the body-wall aborally as in 
the pieces described in the preceding paper ('04¢), 
and except in cases where closure of the body-wall 
across the end of the cesophagus occured, the 
internal pressure was never reéstablished. 

In one piece of this kind which closed aborally across the end 
of the cesophagus after eleven days the marginal tentacles 
decreased in length before closure from 25-30 mm. to 10-12 
mm. and the labial tentacles from 10-12 mm. to 6-7 mm. After 
closure the length of the marginal tentacles increased again to 
about 20 mm. and that of the labial tentacles to about 10 mm. 
Here the period of collapse was comparatively short and there 
was no shrivelling of the tips of the tentacles. In another 
cesophageal piece the marginal tentacles decreased in three 
months from 35 mm. to mere stumps 3 mm. in length and the 
labial tentacles from 12 mm. to 1.5 mm. ,In this case, as in 
Series 19 above, the reduction of the tentacles consisted at first 
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merely of a decrease in length, the tissues remaining normal in 
appearance except as regards the darker color due to the col- 
lapsed condition. Later shrivelling of the tips began and con- 
tinued until only blunt rounded stumps bearing small masses of 
the dark, shrivelled tissue remained. 

In C. membranaceus a similar reduction of tentacles was 
observed, both in pieces which were kept open by artificial means 
and in cesophageal pieces, but in no case did the distal portions 
shrivel as in C. solitarius. This difference in behavior is probably 
due to the firmer consistency of the tissues of C. membranaceus. 
In one piece which was opened every day during forty-nine days 
the marginal tentacles decreased from 40-50 mm. to 10-15 mm. 
and the labial tentacles from 20 mm. to 3-4 mm. This piece 
was then allowed to close and become distended and during the 
next thirty-nine days the marginal tentacles increased in length 
to 20 mm. and the labial tentacles to 5 mm. In this case the 
decrease in length was nearly 75 per cent. for the marginal ten- 
tacles and about 80 per cent. for the labial tentacles. The 
marginal tentacles after renewed distension attained nearly 50 per 
cent. of the original length, the labial tentacles only 25 per cent. 

The cesophageal pieces of C. membranaceus were not observed 
to close aborally across the end of the cesophagus in any case. 
It was therefore impossible to observe increase in length of the 
tentacles after reduction in these pieces, but marked reduction 
was observed in all cases. In one piece the marginal tentacles 
decreased during twenty-seven days from 60 mm. to 20-25 mm. 
and the labial tentacles from 25 mm. to 10-12 mm. and in 
others a similar reduction was noted. 

It is possible that atrophy of the tips of the tentacles would 
have occurred if the specimens had been kept for a still longer 
time. On the other hand this process may be so slow in this 
species that it is visible merely as a gradual reduction in size. 

In view of these facts there can be little doubt that the length 
of the tentacles is influenced by the internal pressure. The ques- 
tion as to whether it is the general internal pressure which exerts 
this influence, the effect being merely more conspicuous in the 
tentacles than elsewhere, or whether local pressure due to cur- 
rents plays a part must be decided by future experiments. 
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Various other facts noted in the course of my experiments 
require mention here. It was noted that regenerating tentacles 
attained a greater length during the summer months than during 
winter (cf. Child, ’034). This difference is probably due, at 
least in part, to the fact that the internal pressure is higher in 
summer than in winter in consequence of the greater activity of 
the cilia in forcing water in through the cesophagus (cf. Child, 
046). Local pressure must also vary in a similar manner. 

It was also observed in a large number of cases that the ten- 
tacles of normal animals or regenerated specimens of C. solitarius 
often began to shrivel at the tips in the manner described above 
when the specimens had been kept in captivity and without 
special feeding for two months or more. Frequently the margi- 
nal tentacles were reduced to a length of 5-6 mm., the specimens 
appearing otherwise healthy and in good condition, except that 
the body was in all cases less distended than in newly taken 
specimens. In the light of the preceding experiments the con- 
clusion is justifiable that the tentacle-reduction in these species 
is due to decrease in internal water-pressure. The gradual ex- 
haustion of the pieces and the consequent diminution of ciliary 
activity is without doubt one factor in the result. 

As winter approached it was noted that the atrophy of the 
tentacles began sooner and proceeded farther. During De- 
cember many of the specimens brought into the laboratory from 
the bay possessed marginal tentacles only 8-10 mm. in length 
with atrophied tips and labial tentacles similarly reduced. In 
nearly all specimens with the tentacles normal in appearance at 
the time of taking, the atrophy of the tips began within a week 
or two. 

In January and the early part of February, beyond which time 
my observations do not extend, more than a hundred specimens 
were taken and of these about 75 per cent. possessed reduced 
tentacles with atrophied tips when taken. Many of the remainder 
were specimens with regenerating tentacles, which had undoubt- 
edly been injured. 

During the summer and autumn reduced tentacles with atro- 
phied tips were not found on any specimen at the time of taking. 
Moreover, the tentacles of summer and autumn specimens were 
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always much longer than those of winter specimens even when 
the latter were not atrophied. 

These facts leave no room for doubt that the reduction of the 
tentacles and the loss of their tips is a normal phenomenon 
during the winter months, I was able, however, to bring about 
this change experimentally in September and October, 7. ¢., at a 
time when newly taken specimens showed no trace of such 
a change. 

Unfortunately it was impossible to continue observations 
during the spring. I have no doubt, however, that as the tem- 
perature of the water rose the internal pressure became greater 
and the tentacles increased in length again. 

The animals do not thrive in aquaria with standing water and 
it was not practicable to supply the aquaria with running water 
kept at a constant temperature approaching that of the water in 
summer. For these reasons the experiment of keeping the 
animals with reduced tentacles in water of a higher temperature 
than that in which they had been living could not be carried out 
satisfactorily. I venture to predict, however, that the result of 
such an experiment would be an elongation of the reduced ten- 
tacles, though probably they would never attain the full summer 
length unless the animals were well fed. 

There is no ground for supposing that the specimens with 
atrophied tentacles were in a pathological condition. Specimens 
which were in this condition when taken lived for months in 
captivity and regenerated as completely as other specimens. 
After atrophy of a certain portion of a tentacle the atrophied por- 
tion was gradually absorbed and the remaining proximal portion 
retained a perfectly healthy appearance until the gradual decrease 
in internal pressure due to exhaustion brought about a further 
atrophy. These reduced tentacles could be distinguished at 
once from normal tentacles by their blunt tips. 

The only conclusion possible in view of the facts appears to 
me to be that any condition which reduces the internal water- 
pressure to a sufficient extent will bring about the atrophy of the 
tentacles. Experimentally reduction of pressure was accom- 
plished by preventing closure, but it is clear that any condition 
which decreases ciliary activity will decrease the internal pres- 
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sure, since the force of the inward current through the cesoph- 
agus is reduced. The force of circulatory currents in the body 
must be similary reduced and consequently any local pressure 
due to them is also reduced. 

Decrease in temperature is a condition which reduces ciliary 
activity. It follows that in winter specimens the cilia must be 
much less active than in summer specimens. Winter specimens 
are visibly less distended than summer specimens. I can see no 
escape from the conclusion that the atrophy of the tentacles in 
winter specimens is due as in experimental pieces to a long-con- 
tinued reduction toa relatively low level of the internal water- 
pressure, resulting in this case from the reduction of ciliary 
activity in consequence of low temperature. 

The fact that the shrivelling of the tentacle always begins at 
the tip and proceeds gradually in the proximal direction is of 
some importance. If this process is the result of decrease in the 
general internal pressure why should the reduction proceed from 
the tip? According to the laws of hydrostatics the internal 
pressure must be the same in all parts of the enteric cavity, con- 
sequently when reduction of the pressure occurs it occurs at all 
points. This being the case why should a slight reduction of 
pressure affect merely the tip of the tentacle, while a greater re- 
duction causes atrophy of a larger part ? 

In the present state of our knowledge two explanations of 
this fact appear possible. It may be that the distal portions of 
the tentacle exist under relatively unfavorable conditions of nutri- 
tion as compared with the proximal portions. The small size 
of the tentacular cavity in this region and the consequent im- 
perfect circulation of fluid and also its distance from the central 
cavity where most of the digestion probably occurs, afford a 
possible basis for such an assumption. If the stimulus of internal 
pressure is effective upon the tissues of Cerianthus we should 
expect to find the poorly nourished parts of the body more sen- 
sitive than other portions to decrease in this stimulus. Accord- 
ing to this view reduction of internal pressure might result in 
atrophy beginning at the tips of the tentacles and proceeding 
proximally according to the degree and duration of the re- 
duction. 
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The second explanation is based upon the possible effect of 
local pressure due to circulatory currents. It is evident that with 
approach toward the distal end of the tentacle the circulatory 
currents must decrease in force and volume since in the confined 
space of the tentacular cavity the friction between the currents in 
opposite directions is relatively greater than in the enteron. The 
force and volume of the currents must also depend upon the 
degree of distension of the tentacle and body and therefore upon 
the general internal pressure. If, therefore, the internal pressure 
be reduced, the tentacular cavity decreases in size, and the circu- 
latory currents are practically eliminated in the extreme distal 
portion of the tentacles: local pressure at the tip of the tentacle 
is thus reduced. It is possible that this is a factor in bringing 
about a condition of malnutrition. According to this view the 
atrophy of the distal portion may be the result of the reduction 
of local pressure in the distal portion! of the tentacle in conse- 
quence of the reduction in force and Volume of the circulatory 
current. The larger, proximal portidh is still of sufficient size 
even under reduced pressure to permit the existence of these 
currents, 

Since I have mentioned in previous papers certain facts which 
seem to indicate the possibility that local pressure due to circula- 
tory currents may constitute a formative factor in Cerianthus the 
possible effect of these currents is mentioned in this connection. 
It is possible that both reduction in local pressure and- malnu- 
trition of the distal portions of the tentacles may cooperate in 
causing atrophy under reduced general pressure. But whatever 
interpretation may be placed upon the facts, the occurrence of 
atrophy under reduced internal pressure is clearly shown. 


SUMMARY. 


1. Pieces of C. membranaceus in which the enteron remains 
widely open to the exterior may show some degree of tentacle- 
regeneration. In such pieces the inrolling of the oral margin and 
the pressure of the cut surface against the mesenteries may be 
sufficient to prevent the escape of water and thus permit the 
establishment of some degree of internal pressure within the in- 
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rolled portion. In all cases of this kind tentacle-regeneration is 
much delayed and never proceeds far. 

2. It is possible by reduction of the internal water-pressure to 
cause reduction of fully grown normal tentacles in both C. so/i- 
tarius and C. membranaceus. The first stage in the reduction 
consists in a gradual decrease in length and size of the tentacles : 
in C. membranaceus no further change was observed, but in C. 
solitarius shrivelling and atrophy of the tentacles began at the 
tips if the reduced pressure continued. In specimens which were 
kept widely open the tentacles were reduced to mere stumps a 
few millimeters in length. 

3. If specimens with partially atrophied tentacles be allowed 
to close, the basal healthy portion of the tentacle begins to extend 
as the internal pressure is reéstablished. 

4. Atrophy of the distal portion of the tentacles occurs in 
specimens of C. solitarius which are kept for a long time without 
food and is also found in nearly all specimens taken during the 
midwinter season. 

5. Since the internal pressure in normal animals is due primarily 
to the activity of cilia any conditions which reduce the activity of 
the cilia reduce the pressure. Low temperature and starvation 
or exhaustion cause reduction in ciliary activity and so in internal 
pressure. If these conditions continue for a certain length of 
time atrophy begins at the tips of the tentacles, proceeding prox- 
imally as the reduction in pressure continues. 

6. The fact that atrophy due to reduced pressure always begins 
at the tip of the tentacle may be explained by the relatively greater 
reduction in the force and volume of the circulatory currents in 
the distal region in consequence of the smaller size of the ten- 
tacular cavity in that region or it may be due to a condition of 
malnutrition in the distal regions of the tentacles which in turn is 
the result of the small size of the tentacular cavity and the dis- 
tance from the main digestive cavity. In this condition the distal 
regions of the tentacle are less capable of continuing their exist- 
ence under unfavorable conditions (¢. g., reduced pressure) than 
the more proximal portions. Possibly both of these factors are 
concerned in the result. 


Hutt ZoOLocIcaAL LABORATORY, 
UNIVERSITY OF CHICAGO, November, 1903. 
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LOCOMOTION IN BATRACHOSEPS WITH SEVERED 
NERVE-CORD. 


CHARLES D. SNYDER. 


The earlier discoveries in the anatomy and physiology of the 
nervous system led to the conception that the nervous mechanisms 
of the human body were under the control of a single center, the 
brain.' Discoveries, which have been made in the field of com- 
parative physiology during the past fifty years, however, are lead- 
to a very different conception. 

Not only the spinal cord,” but also the brain,’ is being regarded 
not as a single nerve-center but as a segmental series of many 
nerve-centers. Furthermore the idea is gaining ground that true 
nerve-centers are probably not so greatly differentiated one from 
the other, — that their respective protoplasmic contents are not 
so different in nature, as was once supposed. On the other hand 
it is pointed out that specific differences in the nervous substance 
is to be looked for in the sense-organs, in the peripheral nerve- 
substance, rather than in the central organs. Accordingly the 
central nervous system is to be regarded primarily as a special 
conduction substance by means of which the sense organs are 
able to communicate with the various physiological structures in 
which the efferent nerve-fibers find their termination. * 

The observations reported in the present paper furnish addi- 
tional evidence in support of this segmental theory of the central 
nervous system. In order to make the viewpoint of interpreta- 
tion of results clearer the work of two other authors will be first 
briefly reviewed. 

Friedlander® observed that coordination of the longitudinal 

' Schiff, “* Lehrbuch der Physiologie,’’ 1858, s. 194. Foster, ‘‘ History of Physi- 
ology,’’ 1901, p. 257 ff. Steiner, ‘* Die Functionen des Centralnervensystems und ihre 
Phylogenese,’’ 2te Abtheilung, Die Fische, 1888, s. 35. 

2? Sherrington in Schaefer’s ‘* Text-book of Physiology,’’ p. 816. Loeb, Arch. f. 
a. ges. Physiologie, Bd. 96, s. 536, 1903. 

3Griinbaum and Sherrington, Proc. of Roy. Soc., Vol. 69, 1901. 

1 Loeb, ‘‘Comparative Physiology of the Brain and Comparative Psychology,’’ 1go1. 

1 Friedlander, B., ‘* Physiologie des Centralnervensystem,’’ Arch. f. ges. Physiol- 
ogie, Bd. 58, s. 168, 1894. 
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muscles in earthworms was not disturbed by removal of a small 
piece of the nerve-cord, that the circular muscles failed to con- 
tract only in the region where the cord was removed and that 
elsewhere they continued to contract rythmically. If the pos- 
terior part of such a worm lay on a smooth surface it would 
allow itself to be dragged along by the part anterior to the section. 
If, however, the posterior part be dragged over a rough surface, 
moistened blotting paper for instance, its segments would begin 
active, rythmical contractions and cooperate with the anterior 
part in progressive locomotion. 

That one part of the body in these worms was not dependent 
on the nerve-cord of the other part was still better shown in a 
worm which was cut cross-wise into two halves. The halves 
were fastened together again by astring. The anterior half, pull- 
ing on the posterior half, especially when the latter lay on a 
rough surface, would produce coordinated movements in the 
posterior half. 

In another experiment only the posterior half was used. It 
was placed an papers of two grades of roughness, the anterior 
part on the rougher, the posterior part on the smoother paper. 
A pull on the rougher paper started up locomotor contractions 
in the foremost segments ; the other segments remained inactive 
while being dragged over the smooth paper, notwithstanding the 
fact that the cord was. intact in the entire piece of the animal 
which was under observation, 

These phenomena in worms with severed nerve-cords were ex- 
plained as follows: One segment, shortening, produces a pull on 
the next segment in the body and thereby: stretches the skin of 
that segment. This stretching process sets up sensory impulses 
which, passing into their segmental ganglion, are reflected 
back as motor impulses to muscles of the same segment. The 
muscle contraction so produced in turn exerts a pull on the skin 
of the next segment and thereby gives rise to another cycle of 
sensory-motor impulses, which, as mere nerve-impulses, do not 
necessarily pass beyond the boundaries of the segment where 
they originated. And so on, from segment to segment, a motor 
impulse started at a may be transmitted to segments 4, ¢, d, etc., 
without any impulses whatsoever passing over the fibers in the 
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nerve-cord which directly connect the ganglia. In short, coor- 
dinated locomotion is secured without the nerve cord, as such, 
coming into play at all. In their passage the nervous impulses 
involved, according to this conception, do not follow a straight 
path with side-paths at each segment, but rather follow a path 
which may best be described as a line of loops. 

Friedlander concluded that locomotor movements in the earth- 
worm should not be regarded as the result of a single impulse 
(say of the anterior segment) which passes through the length of 
the body, but rather should it be regarded as the result of im- 
pulses given off by each segment separately. 

2. That coordinated movements in animals higher than worms 
may be set up and maintained, with the spinal cord brought into 
use only in spots, as it were, rather than as an entire and single 


organ, has been recently demonstrated in a remarkable way by 
the experiments of Phillipson.' 


It has been known for sometime?’ that, if a dog with a sectioned 
cord be supported so that its hind legs hang freely in space, the 


legs spontaneously begin an alternate flexor-extensor movement. 

Phillipson obtained this so-called pendulum movement of the 
legs in a dog with sectioned nerve-cord. The movement lasted 
sometimes for more than an hour ; it could be accelerated into a 
veritable gallop by gently pulling the tail of the animal. The 
valuable part of this experimenter’s work, however, lies in the 
complete analysis which he was able to make of the various steps 
involved in the process of locomotion. From his experiments 
and observations on this dog with the severed nerve-cord, he 
drew conclusions concerning locomotion in the hind legs of 
normal dogs somewhat as follows : 

The hind-foot of a dog during extension gently comes in con- 
tact with the ground ; this foot-contact produces a feeble excita- 
tion which brings on a flexing of the metatarsals with the sole 
of the foot supported against the ground. The resistance of 
the ground against this flexing of the metatarsals produces a 
sensory-motor wave which brings a sudden halt to all muscular 


1 Phillipson, Maurice, Comptes Rendus, Vol. 136, p. 61, 1903. 


2Freusberg, Archiv f. die ges. Physiologie, ‘‘ Reflex Bewegung beim Hunde.,’’ 
1874, Bd, IX., s. 358. 
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action which in turn throws the body forward. The shock pro- 
duced by the sudden halt of muscular action causes flexion of 
the limb which has just reached the limit of extension, and the 
pulling of the skin at the inguinal region by this same extension, 
starts up extensor movements in the opposite limb, which in ‘its 
turn coming in contact with the ground goes through the same 
cycle of movements just completed in its fellow. And so on, the 
action of one leg determines that of the other, so that not only 
walking but running movements in the hind-legs may be, and 
probably are, kept up indefinitely, involving the use of no more 
of the nerve-cord than that part in which these simple sensory- 
motor impulses may be exchanged. 

According to Phillipson’s analysis it appears quite possible 
that, after progressive locomotion has once been started in a normal 
dog, it might walk or even run a distance without any additional 
impulses passing down from the upper region of the spinal cord. 

3. The question now arises, could normal walking movements 
in the hind legs of an animal be initiated without any impulses 
whatsoever, for the purpose, coming into the lumbar centers from 
levels of the cord higher, say, than the mid-dorsal region, or from 
levels higher than the lumbar region itself. 

Loeb' has already suggested that the pendulum movements 
in the hind-legs of a dog with severed nerve-cord may be caused 
by the stretching of the skin on the sides of the body produced 
by holding up the front part of the animal. He further held the 
opinion that if the beast could stand at all on its legs it probably 
could go through the coordinate movements necessary for walk- 
ing. For, if the fore-legs took forward steps that action would 
produce a pull on the sides of the body, stretching the skin. 
This stretching would create sensory stimuli that would pass 
into the lumbar region of the cord whence extensor motor stimuli 
would pass into one leg or the other and thus start up the cycle 
of ambulatory motions described by Phillipson. This view of the 
possibility of coordinating anterior and posterior locomotion iu a 
vertebrate with severed nerve-cord receives strong support from 
the experiments and observations of Friedlander. But it may be 


1 Loeb, Jacques, ‘‘ Beitrage zur Gehirnphysiologie der Wiirmer.’’ Arch. f. d. ges. 
Physiologie, 1894, 56, s. 268. 
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objected that results obtained from an animal of such pronounced 
metameric structure as that of the earthworm cannot be applied 
in the case of vertebrates ; that if ‘‘the nerve-cord of the earth- 
worm is an apparatus by means of which reflexes may be trans- 
ferred from one segment to the other’’' it does not follow that 
the nerve-cord of a vertebrate in its activity can be reduced to 
elements equally simple. 

In uninjured land animals of the bilateral types progressive 
locomotion is usually initiated by forward or lateral movements 
of the anterior part of the body. This action produces an effect 
on the passive posterior part of the body, especially in the skin, 
where sensory stimuli may be set up. These sensory stimuli 
may be aroused in two ways. First, by tugging, the skin is 
subjected to stretching stimuli; second, by dragging even the 
slightest distance, the ventral surface of the body, and therefore 
of the skin of creeping animals, is subjected to a series of rapid, 
successive impacts against the inequalities of the ground-surface. 
In other words, by dragging the skin is subjected to friction stimuli 
in addition to stretching stimult. 

Now since the skin is always subjected to more or less such 
treatment in the initiation of locomotor movements, it is reason- 
able to suppose that a characteristic combination of sensory stimuli 
is thereby produced which may be able to set up motor stimuli 
in centers of corresponding levels. One may suppose moreover 
that these motor stimuli do not result in vague, purposeless re- 
flexes, but rather that they result in definite, unvarying coordina- 
tions; that they are operative and effective without intervening 
stimuli from other regions of the nerve-cord. 

In other words, a definite combination of sensory stimuli in one 
region, occasioned by a definite motor activity in another region, 
may be a sufficient signal for locomotor activity in the region re- 
ceiving such sensory stimuli, 

4. At the suggestion of Dr. Loeb, for whose constant assis- 
tance and kindly interest in my work I wish here to express my 
best thanks, I began some experiments during February of this 
year to test the truth of the ideas set forth in the foregoing para- 
graphs. 


* Freidlander, /oc. cit., p. 206. 
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The animal selected for experimentation was Aatrachoseps. 
This is a small batrachian with a long, slender body and ridicu- 
lously short, slender legs which, while perfectly functional, are 
not depended upon to carry on all the work of locomotion. The 
complete musculature of the body-walls and of the long, slender 
tail is evidence that they, too, at times assist mightily in locomotion. 
Indeed in the normal animal one sees that for leisurely movements 
only the legs are used, the body, always moist and somewhat 
slimy, being dragged passively along; and that for locomotion 
under pressure of unusual excitement the powerful body and tail 
muscles are brought into play. The body throughout its length 
is well marked off externally into segments, or metameres. One 
could not find an animal that combines the locomotor structures 
of both annelid and vertebrate better than does Batrachoseps. 

There are twenty distinct segments between the girdles of these 
animals. Of the twenty-two specimens operated upon, the cord 
was severed between the fifth and sixth segments of some; 
between the tenth and eleventh of others; and of still others, 
between the fifteenth and sixteehth segments. In a few cases the 
section was made nearer the girdles, which always resulted in 
paralysis of the legs. 

They usually recovered from the effects of the chloroform- 
ether mixture within five to fifteen minutes after taking it. The 
operation which consisted of simply snipping the spinal column 
in two with strong fine-pointed scissors, or destroying the nerve- 
cord by probing with a needle point, took only a minute or a 
minute anda half. Care was taken to injure as few of the muscles 
of the body-wall as possible and to avoid puncturing the peri- 
toneum and the large blood-vessels, excepting in those cases 
where the animals were cut entirely in two. 

In two specimens a piece of the spinal column about two mm. 
in length was removed. Shock effects occurred in only a few 
cases, which will be spoken of later on. 

In all cases where the operation itself was successful and where 
the cord was not severed too near one or the other of the girdles 
coordinated movements were observed, not only between the 
members of the fore-legs and of the hind-legs, but also between 
the pairs themselves. 
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The animals operated upon were kept in broad flat-bottomed 
dishes. The floors of the dishes were kept covered with moist- 
ened layers of filter paper. During resting periods the animals 
were protected from the light of the room by being covered with 
fresh leaves or moist filter paper, and by covering over the dishes 
with towels. 

When these coverings were removed the animals, usually 
asleep at the time, would sooner or later become aware that they 
were out in the open. They would then become restless. In 
their efforts to get under cover again one could note very easily 
the manner of their progress. Movements were usually initiated 
by the anterior parts turning to the one side and then to the 
other several times and finally back to the tail, often moving 
across it and twisting the body into a loop. During these move- 
ments the posterior parts would lie motionless and apparently 
helpless. After a number of these attempts at progressive loco- 
motion the animal would start out straight ahead. The hind 
parts being unresponsive, it would tug and pull with the fore-legs 
in an effort to drag the helpless part along, and, in spite of the 
great length of the body and tail, and the extreme delicateness 
of the legs, the animal often succeeding in doing this. 

The results of this tugging and dragging of the hind parts, 
while always the same, may be obtained by various methods, and 
were observed in my experiments as follows: 

(2) Sometimes when the animals struck out in a forward direc- 
tion and began to tug at the hind parts the hind-legs would begin 
to assist defore they were dragged in the least. Theif movements 
while slower than the fore-legs codperated toward forward loco- 
motion, and, furthermore, were flexed and extended alternately, 
that is, they took forward steps alternately. 

(6) At other times no movements occurred in the hind-legs 
until the hind parts had been dragged along for a distance. The 
legs would then begin coordinate movements as described above. 
Sometimes the legs happened to be extended back along the 
sides of the tail and held up (surface tension of water and mucus 
alone being sufficient to support the weight of the legs) so that 
the toes did not touch the ground-surfaces. In such cases it was 
noticed that the hind-legs remained irresponsive for a longer time 
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than if they had been pendent enough so that the toes also 
touched and dragged along the ground. 

(c) Cooperation on the part of the hind-legs could be started 
by touching with a pencil-point the skin of the sides of the body 
posterior to the section in the cord, or by touching the toes or 
the heels. 

(2) A number of specimens would walk perfectly normally on 
their hind-legs when the front part of the body was held up and 
carried forward slowly. The walking movements would begin 
sometimes at once without dragging, sometimes after the hind- 
legs were dragged for a distance. 

Experiments were made cutting Batrachoseps entirely in two 
as Friedlander had done with earthworms. The section was 
made at various levels between the girdles. Nothing but simple 
reflexes were obtained from the posterior halves although the 
pieces lived for days. The anterior halves, however, seemed to 
suffer no depression whatever. As soon as they recovered from 
the effects of the anesthetic, they moved about in a manner that, 
with the exception of the awkwardness produced by the absence 
of the customary weight and resistance of the postetior parts and 
of the exhaltation produced by the operation, was perfectly nor- 
mal. One of these anterior pieces lived for twenty-four hours. 
An hour before it died it was still breathing and moving about 
normally. 

These results are about what one would expect to find in 
Batrachoseps. For, unlike earthworms, they cannot depend 
alone on the skin for respiration or upon an uncertain circulation. 
After sectioning the body the posterior half is deprived entirely 
of the benefits of the pharyngeal breathing and of the heart-beat, 
which continue on in the anterior half uninterrupted. After cut- 
ting an earthworm in two, respiration and the circulation can go 
on in the posterior half as well as they do in the anterior half. 
Hence the nervous responses in the one half are not different 
from what they are in the other half.’ 

5. Summary and Conclusions,— The results of the foregoing 
experiments on Batrachoseps may be summed up, and conclu- 
sions may be drawn, as follows : 


' Friedlander, Joc, cit., p. 190. 





SRS TS a ES RP 


‘ 
i 
i 
» 
i 
i 
ti 
i 
{ 
a 
i 


Ra ee 


ae 


FREE OSRE 


288 Cc. D. SNYDER. 


(a) The codrdinating center of locomotion in the hind-legs is 
located between the sixteenth and the eighteenth segments of the 
trunk, 

(6) Walking movements in the hind legs after the spinal-cord 
is severed are due primarily not to impulses arising in the spinal 
centers, but to impulses that arise in the sensory cells of the 
periphery. 

(c) These sensory impulses may be produced in the skin and 
muscles of the body-walls by stretching-stimuli; in the skin of 
the body-walls and of the legs by mechanical-impact-stimuli 
(friction- or tapping-stimulli). 

(2) The fact that Batrachoseps with sectioned cords walk on 
their hind-legs when carried along by their fore-legs supports 
Loeb’s idea that the same thing would obtain in dogs with sec- 
tioned cords if they could only stand up, or if their legs were 
shorter so that they might be effective in their movements when 
the trunk is prostrate. The difficulty in the dog is not due to 
the absence of the walking apparatus, but to the absence of 
“tone”’ in the muscles. 

(e) Perhaps the essential thing supplied by the nerve-cord, as 
such, to the limbs during locomotion is this tone, this compli- 
mentary resistance of the muscles toward each other which keeps 
them ready for instantaneous regulated action, and which is prob- 
ably maintained by impulses passing down from the organs or 
centers of equilibrium. 

(/) If respiration could be properly maintained in the pos- 
terior half of Batrachoseps after being severed entirely from the 
anterior half, it is probable that walking movements could be 
started in the hind-legs by stretching-, or friction-, or tapping- 
stimuli, that is, by tugging gently at the front end of the posterior 
half, or by dragging it a distance over moist blotting paper, or 
by fastening it by means of a string to the anterior half and 
allowing the latter (which can walk along spontaneously) to pull ° 
at, or drag, the former along. 


THE R. SPRECKELS PHYSIOLOGICAL LABORATORY, 
BERKELEY, CALIFORNIA, 





BUTLER’S GARTER SNAKE. 


ALEXANDER G. RUTHVEN. 


[From the University Museum, University of Michigan. ] 


The garter snake, Eutenia butleri Cope, has been the sub- 
ject of considerable discussion among herpetologists in spite 
of the fact that only five specimens were known. In 1888, 
Professor Cope (’89, p. 399) first recognized and described the 
species on the basis of a single specimen (Purdue Univ. Catalogue, 
No. 264) sent to him by Mr. A. W. Butler. This specimen was 
thought to have come from Richmond, Indiana, but it was un- 
labeled when Mr. Butler received it from Purdue University, so 
it may or may not have come from there. In 1895, Mr. Reddick 
(’96, p. 261) took another specimen (Univ. of Ind. Cat. No. 110) 
at the Indiana University Biological Station at Turkey Lake, 
Kosciusko County, Indiana. There are two specimens in the 
museum of the Academy of Natural Sciences of Philadelphia 
(Cat. No. 6523) labeled by Professor Cope, which are described 
by Mr. A. E. Brown (’o1, p. 27) and credited by him to south- 
eastern Indiana. But in a letter April 15, 1904, he says con- 
cerning these specimens, ‘‘ The locality given is Miami river, 
which probably means Ohio.’”’ The fifth specimen recorded (U. 
S. N. M. Cat. No. 21692) was collected by Mr. Philip Kirsch 
at Waterloo, Indiana, and is described by Dr. Stejneger (’94, pp. 
593-594). 

Professor Cope examined the type and on the basis of its dis- 
tinctive characters considered it a good species, a view supported 
by Dr. Stejneger after a study of the specimen from Waterloo, 
Indiana. Mr. Brown, however, upon a study of the two speci- 
mens in the collection of the Philadelphia Academy of Natural 
Sciences, and for the reason that there were so few specimens 
known, considered them anomalies of £. sirtalis strtalis, with 
considerable reason, for it seems as if four specimens (the speci- 
men from Turkey Lake is described for the first time in this 
paper) is entirely too small a number upon which to form a spe- 
cies. Particularly is this true in a genus like Zuéenia, in which 
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the individual variation is so great. It was, therefore, with con- 
siderable interest that I found last winter,‘while working over the 
collection of reptiles in the University Museum at the University 
of Michigan, a number of specimens of this rare snake. I have 
been able to make a study of the character of these specimens, 
and to supplement this by a study of the coloration and, to a 
certain extent, of the habits of a number of living specimens 
which have been collected about Ann Arbor. The present paper 
embodies the results of this investigation, and the data on all the 
other specimens recorded. 

Through the courtesy of Dr. W. J. Moenkhaus, the specimen 
taken at Turkey Lake, Ind., has been examined, and Dr. Stej- 
neger has very kindly sent me a detailed description of the 
specimen from Waterloo, Ind.. I am indebted to Mr. A. E. 
Brown for a description of the specimens in the Museum of the 
Academy of Natural Sciences of Philadelphia, who also examined 
two specimens from Ann Arbor, Mich., and pronounced them 
the same form as those in his possession. I wish also at this 
time to acknowledge my indebtedness to Mr. Chas. C. Adams, 
Curator of the University Museum, University of Michigan, for 
assistance in the prosecution of this work and in the publication 
of the results, 

I have been unable to examine the type, which according to 
Professor Cope is Cat. No. 264 at Purdue University. The 
specimen sent to me as the type is Cat. No. 81, and while 
labeled £. dutleri, is not that form, but a normal specimen of £. 
sirtalis sirtalis, and corresponds in no way to Professor Cope’s 
description of the type. I have also, through the kindness of 
Professor S. Coulter, examined the garter snakes in the Butler 
collection at Purdue University, but found no specimens of dzut- 
/ert among them. 

It is important to diagnose this form, as it is very probable 
that many specimens are at present stored in museums under other 
names or undetermined. In this connection, one calls to mind 
a paper by Dr. H. L. Clark of Olivet College, Olivet, Michigan, 
on the occurrence of the short mouthed snake in Michigan (’03, 
pp. 83-88). Last year Dr. Clark found six specimens of a snake, 
which upon the authority of Mr. S. Garmen and Dr. Stejneger, 
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he called £. érachystoma Cope. I have, through the courtesy 
of Dr. Clark, examined three of these specimens and we both 
agree that they are the same form as those which I identified as 
E. butleri. The only specimen of £. drachystoma ever recorded 
is in the collection of the Philadelphia Academy of Natural 
Sciences and Mr. Brown says of this specimen that, ‘“‘ There is 
little ground for thinking it other than a dwarfed £. sirtalis 
sirtalis”’ ('O1, p. 28). After a comparison with specimens of 
E. butleri from here, Mr. Brown writes me as follows, ‘I have 
reéxamined the type of Z. drachystoma Cope, and still find no 
reason to believe it other than an anomalous £. sirtalis sirtalis. 
Cope says ‘it is small but not young,’ I myself see no way to 
determine this, it may or may not beso. The specimen was about 
ready to shed when he got it, which of course obscured the 
pattern. I cannot think it is the same as &. dutlert.”’ 

Dr. Stejneger suggested (94, p. 594) that the specimen col- 
lected near Chicago in 1874, by Mr. E. W. Nelson, and labeled 
by Davis and Rice £. vagrans (’83, p. 30), might prove to be 
another specimen of dé/ert, but through the courtesy of Dr. U. 


S. Grant, Curator of the Museum at Northwestern University, 
I have been able to examine this specimen, and it is undoubtedly 
an £. vagrans. It differs from dutlert most noticeably in having 
the dorsal scales in 21 rows, 8 supralabials on the right side and 
g on the left, and in the larger number of urosteges and gastro- 
steges, which are respectively 86 and 170. 


Hasits. 


Very little has been recorded on the habits of this snake. Its 
movements as Mr. Reddick describes them, are extremely awk- 
ward. It seems compelled to exert much effort in crawling, and 
its efforts to escape capture are often ludicrous. In captivity it 
takes readily to water, and is an exceedingly graceful swim- 
mer. Its awkwardness in crawling, contrasted with its ease of 
motion in water, together with the fact that all the specimens 
recorded have been taken near water, bears out the statement of 
Dr. Clark (’03, p. 87) that “ Although not aquatic this species 
likes water and is found only in its immediate vicinity.” It is 
one of the first Michigan snakes to come out in the spring; a 
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single specimen having been taken as early as March 18, which 
is the earliest date recorded for any snake from this locality. 
The latest date at which a specimen has been taken is September 22, 
but the time of hibernation is undoubtedly much later,than this. 
It is an exceedingly amiable little snake, and no amount of rough 
handling will induce it to strike, which is in marked contrast to 
the pugnacity of £. sirtalis sirtalis, when captured. As far as I 
have been able to observe, its diet in captivity consists chiefly of 
earthworms and small frogs. Its breeding habits are unknown ; 
in one specimen (U. of M. Mus. Cat., No. 31612) taken May 28, 
1904, at Sandusky, Ohio, there are 8 eggs in each oviduct about 
20 mm. long and 12 mm. broad. In another specimen (U. of 
M. Mus. Cat., No. 31624) taken June 3, 1904, at Ann Arbor, 
Michigan, there are 7 eggs in the right and 5 in the left oviduct. 
These eggs are about 12 mm. long and 10 mm. broad. 


DISTRIBUTION. 


The geographical range of duélert, as we know it, is very 


limited. As will be seen from the table, it occurs in the northern 
and, if the locality of the type is correct, the southeastern parts 
of Indiana, in the north and southwestern parts of Ohio and in 
southern Michigan. It apparently cannot be abundant in Indiana 
or more specimens would have been taken, as many reptiles 
have been collected there and the state has been worked by Dr. 
O. P. Hay, who describes (’92, p. 528) the type as being the 
only specimen known at that time. In southern Michigan, how- 
ever, it occurs quite commonly, at least near Ann Arbor. Of 
its occurrence in other parts of Michigan, nothing can be said, 
except of the six specimens taken by Dr. Clark at Olivet. 


DIAGNOSIS. 


Body stout, tapering abruptly at both ends. Head conical, 
smaller than neck, muzzle a little protuberant. Tail short. 
Dorsal scales in 19 rows, all carinated, the first much the largest. 
Supralabials 6-6, the fifth the largest, the third and fourth, 
entering the orbit. Infralabials 8-8. Preoculars 1-1. Postocu- 
lars 3-3. Temporals 1-1, the second large, extending from 
labials to parietals. Gastrosteges 140. Urosteges 61. Length 
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230 mm. Tail 60 mm. Color above olive brown, with two 
alternate rows of black spots above the lateral stripe, and one 
below ; the dorsal spots forming a broken border to the dorsal 
stripe. Color below light olivaceous, sparsely 
speckled with black, with a row of gastros- 
tegeal spots on either side. The dorsal stripe 
occupies the median and the two half rows of 
scales on either side ; anteriorly bright yellow, | gr lay aera 
utleri Cope. Ann 
it extends well up between the parietals; pos- Arbor, Washtenaw 
teriorly it fades out quickly to a greenish yel- Co., Michigan, Cat. 
low, and loses its distinctness on the tail. — sta U. of M. 
Color below the lateral stripe the same as 
above, olive brown. Lateral stripes anteriorly bright sulphur 
yellow, broad, occupying all of the third, the upper half of 
the second and the lower half of the fourth rows of dorsal scales 
on the anterior half of the body. On the posterior half they 
occupy exclusively the second and third rows to the vent ; but 
they never descend below the middle of the second row; at 
the vent they widen out to cover part of the first, all of the 
second and third, and all of the fourth rows; posteriorly to 
the vent, olive in color, occupying but one row of scales, the 
first, and becoming more and more indistinct toward the end of 
the tail. 

Anteriorly the lateral stripe expands to form a large yellow 
patch on either side of the neck, in which occur two black spots 
one on the right side, and one on the left. These spots are contin- 
uations of the row below the lateral stripe. There is also a black 
spot, just above the sixth supralabial, that is prolonged in front 
to the lower edge of the upper postocular. Above the black 
line formed by the continuation of this spot, the head is uniformly 
brownish olive, with the exception of a black patch on the 
parietals in which are located the prominent bright yellow parietal 
spots. The supralabials are dusky yellow, narrowly margined 
with black; the yellow extending up to the black line, thus 
including the two lower postoculars, and part of the first tem- 
poral. In front of the eye, the yellow of the supralabials ex- 
tends onto the preocular, where it gradually fades into the olive- 
brown of the top of the head. The eye is surrounded by a nar- 
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row ring of black ; asis also the nostril. There is also a black 
line between the preocular and loreal. Chin white. Throat 
yellowish. 

The specimen upon which I have based the above descrip- 
tion as being typical of the form, since I have been unable to 
examine the type, is a specimen taken on the bank of the 
Huron river, near Ann Arbor, Michigan, by myself, September 
22, 1903 (U. of M. Mus. Cat. No. 30642). It is not a mature 
specimen, and for this reason the color pattern is more distinct 
than in older specimens, for the ground color tends to become 
darker and to obscure the spots in adults. This is the only 
difference except in size to be observed between old and young 
specimens, 

VARIATION. 

Contrary to the usual tendency among the species of v- 
tenia, the specimens of duéleri, which I have examined, show 
but little individual variation from the type as described by 
Cope, or the specimen which I have chosen as being most 
nearly normal. It is an interesting coincidence, that all the 
specimens previously recorded (Phila. Acad. of Sci. Cat. No. 
6523, U. S. N. M. Cat. No. 21692, and Purdue Univ. Cat. No. 
(type) 264), possess 7 supralabials on either side, while in the 
specimens which I have examined these are nearly always 6-6, 
but occasionally 6-7 and in three cases 7-7; when there are 6 
supralabials, the fifth is always the largest; when there are 7, 
the extra one is apparently formed by a divison of the fifth, as 
may be seen in two cases (U. of M. Mus. Cat. No. 30683 and 
30506), in which the fifth is only partially divided. The supra- 
labials are nearly always 8-8 ; in two cases (U. of M. Mus. Cat. 
No. 30471-30407a) they are 9-9, and in one case the extra one 
is on one side only. The oculars are normally 1-3, with an oc- 
casional variation to 1-2. Concerning the disputed second tem- 
poral, there is in most cases a single large temporal in the second 
row, as is given by Prof. Cope for the type. When there are 
two, the upper is always very much the smaller, and generally 
so much so as to be surrounded by the lower on the lower and 
posterior sides. In specimen No. 6523b Phila. Acad. of Sciences, 
the lower one of the second row seems to have divided length- 
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wise so as to form a long narrow scale which is in contact with 
the first temporal. The gastrosteges vary in number in 20 
specimens from 131-154 with an average of 139; the urosteges 
in 19 specimens from 50-71 with an average of 60. The col- 
oration is remarkably constant, the only differences observed 
being the presence of lighter ground color in the young which 
causes the lateral spots to stand out more prominently than in 
the older specimens, where the color varies to a brownish black, 
which may quite obscure the spots. 

For convenience, the data on the specimens previously de- 
scribed and on fifteen specimens which I have examined have 
been tabulated on following pages. It will be seen from this 
table that there is, as was shown above, some individual variation, 
yet the distinctive characters are so pronounced and constant, 
that in the case of none of the thirty specimens examined was I 
in doubt as to where to place a single individual. 


AFFINITIES OF BUTLERI. 


Professor Cope’s statement, that #. duéleri ‘is remarkably dis- 


tinct from anything which occurs in the United States” is born 
out by the specimens now at hand. As was mentioned above, 
the range of variation is never great enough to make the deter- 
mination of a specimen doubtful. They resemble in this region 
the £. strtalis group more closely than any other, and it was for 
this reason that Mr. Brown considered his specimens aberrant 
forms of sirtalis sirtalis. The finding of so many specimens, 
however, makes this view untenable, and the question then arises, 
whether it is to be considered as a variety of £. sirtalis, or as a 
distinct species. 

The number of gastrosteges, and superior and inferior labials 
are normally less than in any £. sirtalis except £. s. leptocephata. 
The gastrosteges in one instance are 154, a common number in 
sirtalis sirtalis, and the supralabials are sometimes seven, the 
normal number for strtalis sirtalis which also occasionally has 
nine infralabials, as occurs in two specimens of duélerz. It might 
seem from this, as Mr. Brown has suggested to me, that duéleri 
bears the same relation to &. s. strtalis as E. s. leptocephala does. 
He regards £. s. leptocephala as a degenerate form of £. s. sirtalis, 





oo61 ‘2 judy ‘yor *vLobot 

‘oy mvuazysem ‘Ioqiy uuy | * *‘yeg “yop jo ‘atu 
‘fo61 ‘z Ae “yo *rLbof 

Soy MBUd}qsSeA, ‘Ioqry uUuy ‘yey ‘yor jo ‘aug 
‘Yo6r ‘gr qoawyy “YSN “6or0t 

“o> meualysey ‘Ioqay uuy | ° ‘wy “yor Jo areyg 
‘€o6r ‘or Avy “gory ‘goSof 

SOD MBUDTYSEA ‘Bas[ayD | * ‘yegQ “yoy jo aug 
‘fo6r ‘gz judy “you ‘ogtot 

“o> mBualysemy ‘loqiy uuy *yeg “yor jo “atu 
"Co6r ‘gz WO ‘yo ‘Eggok 

“oy meBuazyseyy ‘vasjays | “ON ‘JO “Gor jo ‘alug 
‘€ob1 ‘zz dag ‘yor "rbgof 

“oy mvuaiyseay ‘1oqay uuy | ‘ON “Wo ‘yo jo ‘atu 
‘€o6r ‘zz dag ‘yor ‘zbgot 

‘oy meuojYyseay “Joqiy uuy | “ON ‘WD ‘Yo Jo ‘alug 
| “gfzSg “ON “WO ‘PS 

(2) ‘orgO “ary rarer | “WEN Jo ‘peoy erydjeperiys 
‘wfzSq “ON “IVD “LIS 

(2) “oO “eary rarer | “WAT Jo “peoy vrydjapeyiyg 
‘eueipuy | ‘orl 

‘og oysniosoy ‘aye'y Aoyinyg | ‘ON ‘Jeo ‘“*puy jo ‘alug 

"€6gr ‘Lr Ajnf ‘vueip ‘z691Z 

“uy *0D Uaqnag ‘oo]13a7V AQ ‘ON ‘33D “WSN ‘'S ‘7 

(¢) ‘vuerp | (‘adky) “bz 

-uy 09 auke ny ‘puourygory ‘yey ‘alugQ) anping 


“ 
xe 
nan 
sea 
© 
~ 


‘uosdoyy "JW ep] |uayouq 
} 8L 


‘suepy ‘dD ‘sey WHO 6 wucry gs 


—_ 


Ty eaeT 
“— 

— 

a 

> 

a 


it 
— 
“= 
oO 
em 
wo vo 
1@ 
— = 


=< 


‘poo ‘Vv "N wugor wHOEb vs 


~~ 
— 
a 
= 


_ 
me 


ee NN 
— 
— 


‘smepy ‘9 ‘seyg | "Morr ““ogr ; gf 


4 
om 


7 
oe 


"POO ‘Vv "N MMOH | wugip | os 


“neosuely "a mung ¢ wo pz 


ne] 
| 
om 
> 
_ 
_ 


A 
ne 
7 
% 


= 
— 


gft z9 


oe 
— 
) 
_ 


~“ 


N, 
2 
— 
a2 
4 


RUTHVE 


' 
| 
— 
> 
— 
— 


‘uaaqiny x» Aang | ™o$ | ™““ozz oft LS 


| | 


wv 
— 


| 
~~ 
< 


! 
— 


pm me 
_— 
mi OS 


% 
=< 


ie 
a 
~ 


( 


I 

, 
os 
— 
— 


wuleyy WO pPy zbr 


A. 
en 
~% 
= 
% 





_ 
— 


wa /or mug Lp thr 


| 
—_ 
—_ 


% 
~ 


~ 


| 
— 
— 
— 


"MIPPPY "D bf1 


~ 

04 

% 
~~ 
4 


| 
= 

> 
_ 
= 


‘Ysary dipiqg wugyy mtg ¢ fr 


os 
m 
=~ 


n HRONM FEHR HM VOYO OO RNR OY OW 
— 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
81 
8 
8 
8 
8 
8 
8 
8 
6 
8 
8 


mm CAN "o mer 
—— 


tbr | zg 


[!@J, JO |"yBue] | saBays | ‘saZais | “spesod | sreiqey | “STeiqey ‘aveq pue Ane007] ‘susuitsedg 


"409991199 m8ae7y | [Roy | -onsesy| -orgg | may, | MPIMO) -eyay -eadng 





“bo61 ‘€z judy “OI *gzort 


‘ssodung “y 
“op uossurary = ‘uojysug | ‘ON y “yor, Jo ‘aug ‘oz 


weds 
Me 
pore 
ae 


‘bo6r ‘fz judy “yor *Lzgi1€ 

“oD uoysdurary ‘uojysug | ‘ON * “Yt JO “aluy) “61 
‘bob1 ‘gz Ae ‘tgif 

‘ory “0D ay ‘Aysmpueg | ‘ON “USI Jo “aluy) “gt 
‘bo61 ‘gz Avy “‘vigIt 

‘ory “0D ay ‘Aysnpueg | “ON “WD ‘YON Jo “aruy) “LT 
‘bo61 ‘gz Avy “€1g1€ 

‘ogo “0D auq ‘Aysnpues | “ON “UpIW jo “lug, “gr 
‘1061 ‘Lz judy ‘qo “Eghrf 

‘o> MeuazyseM ‘1Oq1y UuUy | ‘ON ‘you jo ‘atu, “Sr 
0061 ‘2 judy ‘yor ‘globot 

So> MBUaTYseAA ‘AOqIy uUy | ° F “gory jo “aluy) “br 


‘ssading “y 


! 
=— 
} 
_ 

) 

— 
_ 


4 


a 
& 
fo 
~ 
m 


cA eH ENON me cen AS 
-_ 
4 


‘Kapasow “T . 


; 
— 
Sel 
- 


onde 
~ 
a 
7 
7 


| 
we 


*kapasow “| “a | Mg ob gft | 09 


| 
~— 
} 
_ 


te 
we 
< 
4 
n 
s 
a 
& 
x 
< 
o 
A 
me 
a 
4 
aS 
2 
= 


a 
4 


! 


' 
— 


| 
— 
— 
} 
— 


‘Aapasow “] “A mm Spy | gfr | z9 


an an we 
| 
me mM 


I 
4 
a 


‘apdeyzy “f aoua101,7 Ihr | 19 


= N 
| 
) 
= 
~~ 
CMe 
} 
= 
—- 


on BO COO Bem BO MM 
= 


1 
-_ 
— 
_— 
~ 


een: Be 


‘uosdoyy "WW BpE |""go1 | ""gob) 6£1 Lo 


mae mODmMD DH OH DOD ODM DW 
- 


NN 
tt 
~~“ 
2% 
! 
~~“ 
% 
~.04 
wo 
Ze 


[re jo ‘yBuey] “saZajs “saSays | *speiod "s[eIqui | “s[eiqzy 


*403991]07) wisuey] [eioy, -onsen|) -o19 way, | FIO) -eyuy | -eadng *aqeqT pue Aqyesoy F susumiseds 





298 A. G. RUTHVEN. 


a view which is also held by Professor Cope (92, p. 660) and Dr. 
Stejneger (’93, p. 214). This view is perhaps supported by the 
great variability of /eptocephala, but leptocephala occurs in a dis- 
tinct region while duéleri occurs in the same region, in the same 
habitat and in almost equal abundance with typical forms of &. s. 
sirtalis ; and at the same time its distinctive characters are.so 
constant, that no variations have been found that can be regarded 
as transitional forms between the two species. The average num- 
ber of gastrosteges in duéleri is about 139 while in szrta/is sirtalts it 
is about 151. The temporals are also more constant than appears 
in the table ; it is true that there is not always a single large tem- 
poral in the second row, but when there are two as in s¢rta/ts sir- 
talis, the upper one, as far as we know is always much smaller than 
the lower one, which lies posterior and inferior to it. The form 
and coloration are, however, the most characteristic features. 
The body is more robust, the tail shorter, and the head smaller 
and more conical than in szrtalis sirtalis. As stated under varia- 
tion, the color is remarkably constant for a member of this genus 
and while there is much color variation in the £. strtafs group, 
I have never seen a variation that could be confused with dxéleri. 
Its striking coloration, robust form, small indistinct head and 
peculiar movements, make this snake very conspicuous and ren- 
ders it almost impossible to confuse it with any other form. I 
have not seen enough specimens to determine its relationships 
with other groups, but the coloration, position of the lateral 
stripe, and reduced number of infralabials point strongly toward 
E. radix which meets it on the west. 

Desirable as it is, therefore, to cut down the species in this 
genus, it must, I think, be concluded, from the specimens which 
have been collected that Eutenia butleri isa good species. 
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SYNONYMY. 
1889. Lutenia butlerii, Cope, Proc. U. S. Nat. Mus., XI., p. 399. 
1892. Lutenia butlerii, Cope, Proc. U. S. Nat. Mus., XIV., p. 651. 
1892. ELutenia butlerit, Hay, 17th Annual Report of the Ind. Dept. of Geol. and 
Natural Resources, p. 120. 


1893. Zropidonotus ordinatus, var. dutleri, Boulenger, Cat. Snakes Brit. Mus., I., 
p. 212. 

1894. Thamnophis butleri, Stejneger, Proc. U. S. Nat. Mus., XVII., p. 593. 

1903. Luéenia brachystoma, Clark, Proc. Biol. Soc. of Wash., XVI., p. 83. 
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TENACITY OF LIFE IN ANTS. 
ADELE M. FIELDE. 


MAIMED ANTs. 


Remarkable tenacity of life is sometimes exhibited by ants 
lacking a portion of the body. 

A queen, Stenamma fulvum piceum, deprived of the funicles of 
her antennz, lived fourteen months in one of my artificial nests, 
where she laid eggs, sought her own food, and received kindly 
treatment from the resident workers and several unmutilated 
queens. 

The head of a Formica fusca subsericea worker under my 
observation, continued to move its antennz seven hours after 
decapitation. 

Ants lacking a leg or two may live several weeks. A Sten- 
amma fulvum worker, deprived of its mesothoracic pair of legs, 
was returned by me to an artificial nest where were hundreds of 
its former comrades and it safely lived there a month or more, 
disproving any general assertion that ants destroy maimed 
members of their colony. 

Worker ants deprived of the abdomen sometimes run with 
great speed, continue to care for the young in the nest, fight with 
aliens of their own or other species, and they may for some days 
behave as if unconscious of loss. A Stenamma fulvum queen 
deprived of her abdomen lived thereafter for fourteen days in one 
of my artificial nests, and was seen to eat. A Formica subsericea 
worker lived without her abdomen for five days. 

M. Charles Janet mentions' an ant that lived nineteen days 
after decapitation. In experiments made by me, headless ants 
have continued to walk about for many days. In all these expe- 
riments aseptic surgery was attempted, the instruments used being 
carefully sterilized. The Petri cells in which the maimed ants were 


1«* Extrait des Compte réndus hebdomadaires des Séance de?’ Académie des Sciences,’’ 
Paris, 11 juillet, 1898, p. 130. 
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kept were frequently cleansed with 80 per cent. alcohol, and only 
distilled water was used in wetting the enclosed sponges. Care 
was taken to maintain hygienic conditions at all times during the 
life of the ant. In these experiments a Stenamma fulvum worker 
lived ten days without her head. A Formica subsericea worker 
lived fifteen days without her head. Of seven decapitated Cam- 
ponotus pennsylvanicus workers, three lived five days ; two lived 
twenty-one days; one lived thirty days; and one lived forty- 
one days. The last two mentioned were the largest, being thir- 
teen millimeters long. After decapitation, they were kept for 
four days at a temperature of about 10° C. or 50° F. and after- 
ward in the natural summer temperature of the laboratory.’ The 
ant that lived forty-one days after decapitation walked about in 
the cell until two days before her death, and during the last two 


days gave evidence of life by a twitching of the legs when I 
touched her. 


SUBMERGENCE. 


While making experiments in June, 1904, with a view to as- 


certaining how long ants could live under water,’ I came to sus- 
pect that the death of ants submerged less than seventy-two 
hours was caused by bacteria rather than by deprivation of oxy- 
gen. Later in the summer I therefore made further experiments, 
merging the ants in distilled water, and keeping them in the 
dark at a temperature of about 10° C. or 50° F. Under these 
conditions the ants survived much longer periods of submergence. 

Of eighteen Stenamma fulvum submerged four days, seven- 
teen revived and twelve fully recovered. 

Of fourteen Stenamma fulvum submerged six days, six revived, 
and one fully recovered. 

Of twelve Stenamma fulvum submerged eight days in sixty- 
five cubic centimeters of water, seven revived and fully recovered. 

Of seven Camponotus pennsylvanicus submerged eight days, 


four revived, fully recovered, and were returned to their old 
associates. 


1 Nearly all the experiments recorded in this paper were made at the Marine 
Biological Laboratory at Woods Holl, Mass., during the summer and autumn of 1904. 

2 ¢¢ Observations on Ants in their Relation to Temperature and to Submergence,’’ 
A. M, Fielde, BioLocicaL BULLETIN, Vol. VII., No. 3, August, 1904, p. 170. 
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The ants recovering after submergence were those of large 
stature among their kind. 


DwarF ANTs. 


The ability of the larva to successfully enter the pupal-stage 
of development at any time after about half its normal size has 
been attained, helps to assure the persistence of a harried com- 
munity. Under propitious conditions the larva grows to the size 
of an adult ant, expels the contents of the alimentary canal, and 
eats nothing during the five or ten days preceding pupation. 
But if suddenly deprived of food it may enter the resting stage 
when half-grown and may ultimately become a perfectly formed 
dwarf. I sequestered many fat, healthy, half-grown larve of 
Stenamma fulvum, put them in the care of fewer nurses than 
could regurgitate food to all of them, and supplied but little 
nutriment to the segregated group. Many of the larve soon 
entered the resting stage and later on became dwarf workers, 
only three or four millimeters in length, while the length of 
workers of their species is usually from five or seven millimeters. 
A corresponding diminution in the stature of a man would take 
from one to two feet from his height. The dwarf workers were 
wholly normal in their faculties and activities, and were markedly 
assiduous in their care of the young. On the other hand, larve 
poorly fed may miserably linger, as if waiting for better times. 
In one case under my observation, an ill fed larva remained such 
for one hundred and forty days, although constantly in summer 
temperature, and it then died without pupating. 


DEPRIVATION OF Foon. 


Although ants manifestly suffer and soon die if deprived of 
water, they can exist for many days without food. In the fol- 
lowing tests the ants were kept in Petri cells, ten centimeters in 
diameter, and not more than five ants were enclosed in any one 
cell. All the cells were kept in darkness or very dim light. At 
intervals, never exceeding four days, the cells and the enclosed 
sponges were cleansed with 80 per cent. alcohol, to prevent micro- 
scopic growths which might furnish nourishment to the ants. 
The cells contained only the ants used in the experiment, and a 
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bit of sponge saturated with distilled water. Care was taken to 
ensure good ventilation and all other conditions were made 
hygienic, that there might be no cause of death other than that of 
deprivation of food. The starving ants did not manifestly weaken 
after long abstinence but collapsed suddenly and finally, giving 
no premonitory evidences of exhaustion. 

Of thirty Cremastogaster lineolata, segregated on July 2, 1904, 
ten lived so long as ten days and only one lived so long as eigh- 
teen days without food. 

Of thirteen Camponotus herculeanus pictus workers, two lived 
seven days ; two, fourteen days ; one, eighteen days; one, twenty- 
three days ; two, twenty-four days; one, twenty-six days; and 
one, twenty-nine days. On the tenth day of fasting, I found three 
of these ants killed and dismembered, with an appearance of 
having been chewed. In all the cells, this was the only group 
where the ants attacked their companions in tribulation. As ants 
sometimes quarrel with their mates when food is plentiful, this 
affray cannot be fairly attributed to a cannibalistic tendency in this 
species. 

Of nine Stenamma fulvum workers, two lived eighteen days ; 
one, twenty-seven days; one, twenty-nine days ; one, thirty-two 
days ; two, thirty-six days ; one, thirty-eight days ; and one, forty- 
six days. The last to die measured seven millimeters. 

Of eight Camponotus pennsylvanicus workers, one lived fourteen 
days ; two, eighteen days; one, twenty-one days ; one, twenty-two 
days ; one, thirty-nine days; one, forty-five days, and one, forty- 
seven days. The last two mentioned were fourteen millimeters 
long, and were larger than any of those that died earlier. 

Of five Formica /asiodes workers, one lived ten days ; two, eigh- 
teen days; one, thirty-nine days. An isolated queen of this 
species, lived from July 2 to August 31, just sixty days. During 
her isolation, she deposited seven eggs, the seventh being laid on 
the twenty-first day of her fasting. Any egg discovered in the 
cell was at once removed. 

Of nine Formica fusca subsericea workers, picked up from a 
roadside and segregated without feeding on July 3, one lived ten 
days ; one, seventy-one days ; and the other seven were all alive 
on October 18. Possibly the remarkable capability of these ants 
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to live without food, enhances their value in slavery, where other 
species so often hold them. 

Of two Camponotus castaneus americanus workers,’ measuring 
thirteen millimeters, one lived fifty-four days, and the other lived 
more than a hundred days. 

Two winged queens of Camponotus americanus, eighteen milli- 
meters in length, and at least three months old, were established 
in a separate cell on July 13. One of them dropped her wings 
on July 31, while the other continued to wear her wings. No 
eggs were laid by either and both were alive on October 18. 


ELIMINATION OF INEDIBLE SUBSTANCES. 


The skill with which ants eliminate from their food supply such 
inedible substances as may be commingled therewith, was shown 
in the action of Stenamma fulvum piceum toward certain dye-stuffs 
that I mixed with their nutriment. Into each of four similar 
Fielde nests, C, I, T, and M, I put one queen and fifty workers, 
with a few half-grown larvae. During three months no food was 


given to these ants other than what is hereinafter mentioned. 
The dye-stuffs were first triturated, molasses was added to make 
with them a thick paste, and a portion of the paste was then 
placed in the food-room of the nest. For the C nest, cochineal 
was commingled with the molasses; for the I nest, indigo; and 
for the T nest, tumeric ; while for the M nest, molasses alone was 
provided. During the three months hardly any ants died in either 
nest. There was no evidence that any larva was devoured ; and 
as the introduced larvz appeared in due time in active life, they 
must have been nourished solely upon regurgitated food. In 
only one of the nests were any eggs seen, their absence probably 
being due to deprivation of insect food. . 

In all of the nests the finely pulverized inedible substances 
mixed with the molasses were separated in the mouths of the 
ants from the nutrient fluid, and were cast out in minute pellets, 
forming a characteristically colored heap in a corner of each nest, 
C,I,and T. Inthe M nest, a smaller pile of brown pellets indi- 
cated that non-nutritious particles had been rejected from the 
unmixed molasses. 


1 These ants were kindly identified for me by Dr. W. M. Wheeler. 
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Such preclusion of innutrient matter from the alimentary 
canal must greatly conserve the physical energy of the ants in 
the processes of digestion. 


AVOIDANCE OF Poisons. 


Ants that had fasted ten days did not partake of sweets in 
which poisons were incorporated, although their equally hungry 
mates ate the unpoisoned sweets with avidity. 

When the ants were compelled to walk over a mixture of one 
gram of corrosive sublimate with two cubic centimeters of 
molasses, they afterward cleaned their feet with tongue and 
mandibles, and then evinced much distress in cleaning their 
mouths, but nearly all of them survived the experience. 

When one gram of potassium cyanide was dissolved in five 
cubic centimeters of molasses, and the ants compelled to walk 
upon the solution, they appeared to die within a few seconds 
after touching the feet with the tongue, but they all revived some 
minutes or hours later and continued their normal activities. 

When one gram of carbolic acid crystals was dissolved in two 
cubic centimeters of molasses, the ants compelled to walk upon 
the solution cleaned their feet with their tongues and mandibles, 
evinced much distress, and died after some hours or days, with 
no subsequent resuscitation. 

In the experiments with poisons, the ants employed were 
Cremastogoster lineolata, Stenamma fulvum, Lasius latipes, For- 
mica subsericea, Camponotus pennsylvanicus and Camponotus cas- 
taneus americanus. In these experiments the largest ants were 
latest in succumbing to the effects of the administered poisons. 
Camponotus americanus, about thirteen millimeters in length, 
lived several days after the administration of the carbolic acid, 
and in a natural environment might possibly have remedied their 
ills. 

REGURGITATION OF Foon. 


Whether the regurgitation of food be a simple reflex or an 
altruistic act, it was practiced by some of the ants when there 
was little to confer upon a starving comrade. One Camponotus 
pennsylvanicus worker was seen to make unsuccessful effort to 
regurgitate food to another on the thirty-first, and also on the 
thirty-sixth day of fasting. 
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Fic. 2. Camponotus castaneus americanus, slightly magnified, showing five 


workers engaged in the regurgitation of food to their comrades, and four winged 
queens. From a photograph by Mr. J. G. Hubbard and Dr. O, S. Strong 
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A winged queen of Camponotus americanus regurgitated food to 
her dealated sister queen, on the twenty-fifth, the thirty-fifth, the 
fortieth and the sixty-second day of fasting, the visible transfer 
of food occupying several minutes. 

The ants cannot, however, be considered to virtually possess a 
common stomach. There was great difference in the periods 
within which ants of the same colony and species, in the same 
cell, perished from deprivation of food. 

The feeding of the larva by different ant-nurses doubtless con- 
duces to its vigor, because the nurses forage in diverse localities 
bringing back nutriment containing unlike chemical elements 
which they transfer by regurgitation to the growing young. 

Doubtless the adult ants also benefit greatly through the habit 
of regurgitating food to each other. Going afield in many 
directions, one finds nectar, another berries, another nut-kernels, 
another insect flesh, another egg-yolk, and many give of their 
garnered nutriment to their companions in the nest. Variety in 
the food supply for each individual is in fairly direct ratio to the 
number of fellow-workers who reach new sources of sustenance. 
Vigor gained by the adults through varied diet and the assimi- 
lation of new chemical compositions, would tend to increase the 
stamina of the growing young through an improved pabulum as 
well as through heredity. 

There is notable difference in the average size and vigor of the 
individuals in different colonies of ants of the same species. 


RELATION OF SEX AND Foop To TENACITY OF LIFE. 


Male ants shared all tests here presented, but whatever the 
test undergone, the males showed far less tenacity of life than 
did either the queens or the workers. 

If, as has long been held, the product of unfertilized ant-eggs 
are males while the product of fertilized ant-eggs are females, 
then it may be that the absence of certain chemical elements con- 
tained in the fertilized egg is a cause of lesser tenacity of life in 
the male ants. 

In all tests of vitality, ants of largest stature among their 
species showed greatest tenacity of life. Whether the test applied 
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were endurance of heat,’ submergence in water, deprivation of 
food, excision of parts of the body, or administration of poison, 
the larger the ant, the more probable its survival. 


Fic. 1. Camponotus pennsylvanicus worker. > 6. Froma photograph taken by 
Mr. J. G. Hubbard and Dr. O. S. Strong, and retouched by Dr. J. H. Macgregor. 


There appears to be also a relation between size and natural 
longevity. Two hundred Stenamma fulvum piceum workers, 


' See paper referred to in previous note, BIOLOGICAL BULLETIN, June, 1904. 
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majors, minors and minims, were segregated by me in August, 
1901, and were kept under observation until August, 1904. At 
the end of the three years there were eleven survivors, and ten of 
these were of the largest stature attained by these ants, seven 
millimeters. Queens, whose longevity probably exceeds that of 
workers, are ordinarily of larger stature than they. 

It has long been known that the size of an ant depends on the 
quantity and quality of nutriment taken while in the larval stage ; 
but larval nutrition determines not only the size of the ant within 
the limits of its species ; it also determines something of greater 
influence in the life of the individual and the persistence of the 
tribe, the probabilities of survival under adverse conditions. 
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